Background: Persons who inject drugs (PWID) are at increased risk of acute bacterial skin and skin structure infections (ABSSSIs), a growing healthcare concern. Multiple medical, social, and economic issues, including adherence and comorbidities, complicate the medical care of the PWID population, adversely affecting patient outcomes.
Introduction
Acute bacterial skin and skin structure infections (ABSSSIs) are a significant global healthcare burden. 1 The incidence and severity of disease has increased in recent years, in parallel with the emergence of community-acquired methicillin-resistant Staphylococcus aureus (MRSA). [1] [2] [3] ABSSSIs are associated with high morbidity and financial burden on healthcare systems 4 ; in the United States (US), the proportion of invasive MRSA infections in persons who inject drugs (PWID) increased from 4.1% in 2011 to 9.2% in 2016. 5 Dalbavancin, a novel lipoglycopeptide antibiotic with a long terminal half-life (14.4-15.5 days), 6 is administered as a 30-minute intravenous (IV) infusion as a single-dose or 2-dose regimen, eliminating the need for a peripherally inserted central catheter. The single-dose regimen may also optimize adherence especially in the outpatient setting. 7 Dalbavancin is approved in the US and Europe as a single-dose or 2-dose treatment for adults with ABSSSIs caused by susceptible grampositive organisms, and it has been evaluated in multiple phase 3 clinical trials of skin infection. 1, [8] [9] [10] [11] [12] With activity against the gram-positive organisms most frequently implicated in ABSSSIs, including MRSA, dalbavancin provides a convenient and welltolerated treatment option for the management of ABSSSI. 6 Infectious diseases are a major health issue in PWID, who typically seek medical attention later in their disease course. 13 PWID are at higher risk of recurrent ABSSSIs, 7, 14 necrotizing fasciitis, and infective endocarditis due to spread from skin and soft tissue abscesses into the bloodstream, and they are more likely to experience adverse outcomes associated with this disease. 15, 16 Medical care for patients with a history of injection ISSN: 1740-4398 ORIGINAL RESEARCH -Dalbavancin for skin infections in persons who inject drugs drugsincontext.com drug use is complicated by medical, social, and economic issues that affect adherence. 13 Noncompliant patient behavior was the most common complication of therapy and an important predictor of poor outcome in hospitalized patients. 13 Safe and effective treatment options that optimize treatment adherence are needed for the PWID population with ABSSSIs.
This subgroup analysis sought to more fully characterize the demographics, baseline characteristics, safety, and efficacy of dalbavancin in the PWID and non-PWID population and as a single-dose therapy versus 2-dose therapy from a previously published global trial. 10 
Methods

Study design
This is a subanalysis of a previously published study (ClinicalTrials.gov NCT02127970). 10 It was a randomized, Patients were randomized in a 1:1 ratio to receive either dalbavancin 1500 mg as a single IV infusion over 30 minutes followed by a placebo infusion a week later or 1000 mg IV followed by 500 mg IV a week later. Patients and study investigators were blinded to study treatment; the pharmacist was unblinded to the treatment to enable dose adjustments for patients with a creatinine clearance of <30 mL/minute who were not on regular dialysis. Patients were treated as outpatients or inpatients. Randomization was stratified on a number of factors, including the subtype of ABSSSI, with a cap of <30% for patients presenting with a major abscess.
Adjunctive antibacterial therapy with IV or oral metronidazole 500 mg every 8 hours was allowed when anaerobic pathogens were suspected; aztreonam was allowed for the empiric treatment of gram-negative pathogens or for the treatment of gram-negatives confirmed in a post-baseline culture. In this subgroup analysis, we compared outcomes for patients with and without a history of injection drug use.
Patients
For inclusion in the study, patients had an ABSSSI presenting as a major abscess, cellulitis, or traumatic wound/surgical site infection, with an area of erythema of ≥75 cm 2 , as described in the primary manuscript. 10 In addition to erythema, patients had to present with ≥2 localized signs or symptoms of ABSSSI, including purulent drainage, fluctuance, localized warmth, tenderness to palpation, and swelling/induration. Patients also had to present with ≥1 systemic sign of infection within the prior 24 hours, including an elevated body temperature ≥38°C (≥100.4°F), a white blood cell count >12,000 cells/mm 3 or ≥10% immature neutrophils on peripheral smear.
Patients were excluded if they received any antibiotic other than a single dose of a drug with a short half-life (i.e., ≤12 hours) in the previous 14 days. They were also excluded if they presented with gram-negative bacteremia, burns, diabetic foot infection, decubitus ulcer, infected devices, or venous catheter entry site infections, as well as additional criteria.
Patients were included in the PWID group if they had prior or current injection drug use in their medical history, as collected at baseline visit. The relevant preferred term in the study was 'drug abuser' as coded using version 17.1 of MedDRA.
Outcome measures
The primary efficacy outcome measure was a comparison of the proportion of patients with ≥20% reduction in erythema associated with the infection at 48-72 hours after the start of treatment in the intent-to-treat (ITT) population. Any patient receiving supplementary rescue antibacterial therapy was considered a nonresponder. Secondary outcome measures included clinical status at day 14 (improvement in clinical signs and symptoms and ≥80% reduction in the area of the lesion) and day 28 (resolution of localized clinical signs and symptoms and ≥90% reduction in the area of the lesion) in the ITT and clinically evaluable (CE) populations. In addition to the inclusion and exclusion criteria, the CE population included patients who received no more than 1 dose of another systemic antibacterial with documented activity against the causative pathogen, received the appropriate adjunctive antibacterial therapy if the ABSSSI included one or more gram-negative aerobic or anaerobic pathogens on culture, and had a clinical assessment in the required time window. An investigator assessment of cure at days 14 and 28 in all CE patients was defined as a success if the patients showed resolution or improvement of all signs and symptoms to such a degree that no further antibacterial therapy was administered.
Safety assessments were performed at each visit throughout the study. In addition to screening for adverse events, physical and routine blood chemistry and hematologic examinations were performed.
Statistical analysis
Efficacy in the PWID population was evaluated by treatment arm, as was efficacy in the non-PWID population, and efficacy for single-dose versus 2-dose dalbavancin treatment was compared in PWID population treated in an outpatient setting. The 95% CIs were computed using the method of 
Results
Patient demographics and disease characteristics
PWID population versus non-PWID population: Of the 698 patients randomized in the original study, 212/698 (30.4%) There were 11 patients in the PWID subgroup on the 2-dose dalbavancin arm (11/107 [10.3%]) who received the first dose and did not receive the second dose: 4 due to loss to follow-up, 2 due to withdrawal of consent, 1 due to lack of efficacy, and 4 for other reasons (2 were incarcerated, 1 had gram-negative bacteremia in the setting of ongoing injection drug use, and 1 had progression of infection/sepsis). There were 10 patients in the non-PWID subgroup on the 2-dose dalbavancin arm (10/242 [4.1%]) who received the first dose and did not receive the second dose: 5 due to adverse events, 1 due to death not related to study drug, 1 due to loss to follow-up, and 3 for other reasons (2 had ABSSSI infection site that only grew gramnegative bacteria from baseline specimen, and 1 had toxigenic diphtheria).
PWID population: single-dose versus 2-dose therapy:
The PWID subgroup included 105 patients in the single-dose group and 107 patients in the 2-dose group (ITT population).
non-PWID population, which was more likely to have cellulitis. Significantly more patients in the non-PWID population had immature neutrophils ≥10% and met the criteria for diagnosis of systemic inflammatory response syndrome (SIRS) at baseline. There was no significant difference in the median infection area at baseline between the PWID and non-PWID populations. Likewise, there was no significant difference in the percentage of patients with a creatinine clearance of ≥30 mL/min. Compared with the non-PWID population, the PWID population was more likely to have infection with MRSA or Streptococcus anginosus group; the non-PWID population was more likely to have infection with methicillin-sensitive S. aureus (MSSA) or Streptococcus pyogenes (Table 1) .
Baseline blood cultures were performed in all patients prior to initiating dalbavancin therapy. (Table 3) .
Efficacy by baseline pathogen Dalbavancin achieved similar clinical success rates in the PWID and non-PWID subgroups regardless of baseline pathogen ( Table 4) . Efficacy was also similar whether MRSA or MSSA was isolated as the causative pathogen, regardless of regimen (Table 4) .
Safety
Dalbavancin was well tolerated by patients regardless of regimen or history of injection drug use. Treatment-emergent adverse events (TEAEs) occurred in approximately 20% of all patients (Table 5 ). The rates of TEAEs, drug-related TEAEs, serious TEAEs, deaths, and TEAEs leading to premature discontinuation of study drug were similar between the PWID and non-PWID subgroups and between the single-and 2-dose regimens. Serious TEAEs were observed in ≤2% of patients. One patient in each treatment group died during the study; neither death was related to dalbavancin. The most common TEAEs included nausea and headache, with similar rates across treatment groups (Table 5 ). The median duration of TEAEs in the PWID subgroup was 2.0 and 5.0 days for the single-and 2-dose regimens, respectively, with a time to onset of 6.0 and 10.0 days. By comparison, the median duration of TEAEs in the non-PWID subgroup was 3.0 and 2.0 days for the single-and 2-dose regimens, respectively, with a time to onset of 3.0 and 4.0 days. ). An additional analysis for the primary endpoint in the PWID subgroup was done with a tighter CI to keep the lower limit within −10%; noninferiority of the single-dose regimen to the 2-dose regimen was maintained even with a 99% CI (difference of 3.5% [99% CI: −8.7-15.9]). In the non-PWID subgroup, 77.9% of patients on the single-dose regimen were clinical responders versus 83.5% of patients on the 2-dose regimen. There was no significant difference between the single-or 2-dose regimens in the PWID or non-PWID subgroups. Secondary outcome success rates were also similar in the PWID and non-PWID subgroups in the CE population at days 14 and 28, with no significant difference between the single-or 2-dose regimens in either subgroup (Table 2) . 
Discussion
Patients with a history of injection drug use have a similar efficacy and safety profile for the treatment of ABSSSI as those without a history of injection drug use with either the singleor 2-dose dalbavancin regimen. Clinical success by baseline pathogen is also similar in the PWID and non-PWID subgroups, with comparable efficacy in the treatment of MRSA as in MSSA.
With the emergence of MRSA as a causative pathogen in community-acquired ABSSSI, there is an increased need for empiric antibacterial therapy that covers MRSA and ISSN: 1740-4398 ORIGINAL RESEARCH -Dalbavancin for skin infections in persons who inject drugs drugsincontext.com
Single-dose therapy may be particularly useful in populations with poor adherence or at high risk for loss to follow-up, where there is greater potential for the emergence of recurrent infection with resistant strains of bacteria. In our subgroup analysis, 10.3% of the PWID patients in the 2-dose dalbavancin arm did not receive the second dose on day 8, compared to 4.1% of the non-PWID patients in the 2-dose dalbavancin arm; this difference was statistically significant (p=0.047). The most common reasons for missing the second dose in the PWID subgroup were related to social circumstances that may be seen in this population: loss to follow-up (n=4), withdrawal of consent (n=2), or incarceration (n=2), while the most common reasons in the non-PWID subgroup were related to the infection or treatment and were due to investigator judgment to prematurely discontinue study drug: adverse events (n=5), or only gram-negative bacteria identified from ABSSSI infection site (n=2). Dalbavancin as the empiric single-dose treatment for can be given in an outpatient setting to minimize the risk of disease progression and the development of serious complications. When a patient requires hospital admission due to comorbidities, early discharge is encouraged and may considerably reduce the risks and costs of hospitalization. 7, 17 The safety of dalbavancin in phase 2/3 clinical trials is well established. 18 More recently, dalbavancin administered as a single 1500-mg IV dose was found to be noninferior to the 2-dose regimen given as 1000 mg followed by 500 mg one week later. 10 The use of a single dose providing the equivalent of a 10-14 day treatment course for ABSSSI could offer substantial advantages and help avoid hospitalization or allow an early hospital discharge. The current manuscript more fully elaborated on the demographics, baseline characteristics, efficacy, and safety of single-dose versus 2-dose dalbavancin regimens in the PWID subgroup of the main study. PWID, persons who inject drugs; TEAE, treatment-emergent adverse event.
a Nephrotoxicity defined as a 50% increase from baseline serum creatinine or an absolute increase in serum creatinine of 0.5 mg/dL. ISSN: 1740-4398 ORIGINAL RESEARCH -Dalbavancin for skin infections in persons who inject drugs drugsincontext.com compared with the simple 2-dose regimen in this study and was not compared with other antibiotic therapies with more complicated regimens. Due to the unique issues involved in the care of PWID and the clinical advantages of single-dose therapy for this serious indication, further analysis in this population is merited. The differences in clinical outcomes between the PWID subgroup and non-PWID subgroup and the PWID subgroup receiving single-and 2-dose regimens are small and unlikely to be relevant in a clinical setting.
As noted by Dunne et al. in the original study report of the overall patient group, approximately 90% of patients with ABSSSI and a positive culture at baseline had a grampositive causative pathogen, and only 5% of patients received adjunctive antibacterial therapy with gram-negative coverage. 10 This differs considerably from the typical approach in hospitalized patients where there is frequent use of potentially unnecessary broad-spectrum antibiotic therapy. 23 In one study, a broad-spectrum antibacterial with gram-negative coverage was given in 61% of patients with cellulitis, 67% of patients with cutaneous abscess, and 80% of patients with skin and soft tissue infections with additional complicating factors, for a median of 3 days. 23 Given our findings that dalbavancin provides a beneficial clinical response regardless of baseline pathogen, dalbavancin offers a useful empiric therapy for patients with ABSSSI and especially for PWID. As a single-dose therapy, dalbavancin can ensure treatment adherence in this population and improve outcomes.
Conclusion
Single-dose dalbavancin has similar success rates to the 2-dose regimen for the treatment of ABSSSI in patients with a history of injection drug use compared to those without a history of injection drug use at all timepoints. A single, convenient 30-minute infusion may optimize therapy in the PWID population compared with alternative options that require prolonged patient adherence to a course of therapy. Further, by avoiding the need for indwelling IV access, which may be required with other IV antibiotics, the dalbavancin treatment regimen is not inadvertently enabling the potential for further drug abuse. Single-dose dalbavancin has the potential to improve clinical outcomes in patients with ABSSSI and a history of injection drug use and should be considered in this population when a susceptible pathogen is strongly suspected or isolated.
ABSSSI may be especially useful in the PWID population and in community settings where MRSA is prevalent.
The types of comorbidities in the PWID and non-PWID population in our study are similar to a smaller population in the United Kingdom. 19 Our analysis has also found that the PWID population is younger (mean age, 44.9 versus 49.6 years; p<0.0001) and more likely to be male (67.0 versus 54.5%; p=0.003) than the non-PWID population. Others have reported similar findings in PWID hospitalized for infective endocarditis, who are more likely to be younger and male than the overall patient group 20 ; Chotai et al. also reported a mean age of 41 years and 73% male population in PWID hospitalized with soft tissue abscesses. 19 MRSA was found at higher rates in our PWID population compared to the non-PWID population (33.5 versus 16%; p<0.0001), as in other literature 21 ; success rates were not significantly different by pathogen, consistent with the known activity of dalbavancin irrespective of the presence of methicillin resistance.
The PWID population, which is more likely to be nonadherent than the non-PWID population, could benefit from singledose therapy with dalbavancin in a community setting, or in a hospital setting. 17 In hospitalized patients, nonadherence to oral antibiotics after discharge is an important predictor of poor outcome and relapse. 13 In a community setting, adherence can be further compromised; PWID are at higher risk of recurrent ABSSSIs 14 and more likely to have severe disease with adverse outcomes. 15, 22 Reasons for outpatient antibiotic failure in PWID also include missed follow-up visits, noncompliance with antibiotic therapy, and documented line manipulation. 22 In our study, the PWID population was less likely to have SIRS and less likely to have a lactate level >4 mmol/L than the non-PWID population, further supporting outpatient therapy in the PWID population. Our analysis shows that dalbavancin 1500 mg administered as a single dose has success rates similar to the 2-dose regimen in the treatment of ABSSSI in the PWID subgroup, with similar success rates as the non-PWID subgroup.
Limitations include that this is a subgroup analysis of a larger study. There are demographic and clinical differences between the PWID and non-PWID subgroups, including that the PWID subgroup is from North America, younger, almost exclusively treated in the outpatient setting, with higher rates of MRSA, abscess and traumatic wound infection, and lower rates of diabetes, SIRS and bandemia than the non-PWID subgroup. The potential advantage of single-dose dalbavancin may also be underestimated as the single-dose dalbavancin regimen was
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